Ample evidence from epidemiological, experimental and physiological studies supports a causal relationship between sufficient physical activity and the prevention or delay of numerous chronic diseases (e.g. type 2 diabetes) and premature mortality from all causes, cardiovascular disease and cancer. 1 Specifically, a recent analysis of burden of disease and life expectancy worldwide, has estimated that not meeting physical activity guidelines significantly increases the risk for coronary heart disease by 16%, type 2 diabetes by 20%, breast cancer by 33%, colon cancer by 32%, and all-cause mortality by 28%. 2 For chronic disease mortality and morbidity prevention current Health and Human Services Guidelines encourage engaging in physical activity of moderate intensity for 150 minutes or of vigorous intensity for 75 minutes weekly (or a combination of both)
. 1 Yet despite these recommendations, less than half (48.4%) of US adults meet these recommendations based on a nationally representative survey. 3 To increase the population's physical activity levels it is paramount to first understand the underlying factors that impede engaging in health promoting physical activity. 4 While numerous studies have utilized health behavioral theories and constructs, such as the transtheoretical model and stages of change, to understand and promote physical activity, 5 scant research has been conducted in the context of behavioral economics and physical activity. Behavioral economics, the application of psychology to economics, seeks to understand the boundaries of rational decision-making, as well as the social, emotional and cognitive factors that influence decisions. 6, 7 When bounded rationality and other social or cognitive factors lead to sub-optimal behavioral choices, behavioral economists have suggested intervention and policy approaches that prompt (or 'nudge') individuals to engage in healthful behaviors to reduce future disease risk. [8] [9] [10] Impatient time preferences, in which individuals experience an inherent preference for immediate utility over delayed benefits in the future, often leads to present-bias decisionmaking. 11 For example, regularly engaging in health-promoting physical activity involves immediate tangible costs, such as loss of time; however, the benefits (e.g. reduced risk for hypertension) are delayed and appear uncertain. 12 Thus, due to this intangible and often delayed benefit, individuals with less patient time preferences might not engage in physical activity. A lack of patient time preferences has been associated in numerous studies with unhealthy lifestyle behaviors, such as smoking and heavy drinking. [13] [14] [15] Scant empirical evidence exists, however, pertaining to time preferences and physical activity. Our research attempts to bridge this gap in the literature by examining the association between time preferences and physical activity among a sample of adults from the Fair Park Study.
Methods

Participants and Design
Our data come from the third wave of data collection of the repeated cross-sectional Fair Park Study, which is elaborately described elsewhere. 12, 16 The primary study aim was to assess the impact of public investment on behaviors and outcomes of Fair Park neighborhood residents.
The Fair Park neighborhood is located in Dallas, Texas, and primarily comprises low-income (median household income: $19,939), ethnic minority individuals (70% African American and 26% Hispanic). 17 Participants in the current analytic sample consisted of 420 adults aged 20 to 75 years (of 504 from the entire wave conducted between April to May 2012) who provided information pertaining to the primary independent and dependent variables. Analytic samples varied slightly in the models due to some missing responses (see Tables 2 and 3 indicate the degree to which they are future oriented (rarely/never, occasionally, often, and almost always). 20 In addition, participants were asked to indicate whether they have a checking/saving account, and to specify the dollar amount they save each month. While having a checking/saving account was regarded as a dichotomous (yes/no) variable, monthly savings ($) was grouped into 4 categories: $0, $1 to <$50, $50 to <$100, and ≥$100. Additionally, the time horizon considered when planning family finances was examined as a categorical variable: next few months, next year, next few years, 5 to 10 years, and ≥10 years.
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Covariates
We adjusted for the following covariates in multivariable analyses: age, sex, race/ethnicity, employment status, marital status, income, education, children <18 years, self-reported health status, health insurance, and body mass index (BMI). All covariates were based on survey responses except BMI, which was based on objectively measured height and weight using the standard formula (kg/m 2 ).
Statistical Analysis
Descriptive statistics were utilized to depict participants' characteristics. The association between the primary independent variables related to time preference (i.e. future oriented, checking/saving account, monthly savings, and planning family finances) and the dependent variable (meeting physical activity guidelines) was examined using logistic regression in both adjusted and unadjusted models. In addition, Tobit regression models were computed with total physical activity and domain-specific physical activity (leisure, work-related, and transportation)
as continuous dependent variables, while controlling for covariates. Separate models were constructed for each primary independent variable in relation to total physical activity and domain-specific physical activity. Analyses were performed using STATA version 13 (College Station, Texas).
Results
Participant characteristics are depicted in met Health and Human Services guidelines for physical activity, mostly stemming from leisure time and work-related physical activity (Table 1) . Most (93.6%) reported an annual household income of <$40,000, and 76.6% reported having a checking/saving account. On average, participants saved $62.10 (SD=107.5) monthly.
The bivariate and multivariable association between the independent variables and meeting physical activity guidelines is presented in Table 2 . In bivariate analysis, future orientation, having a checking/saving account, saving more money on a monthly basis, and planning ahead with regards to family finances, were all significantly associated with meeting physical activity 8 guidelines (p<0.05 for all, Table 2 ). In each case, the bivariate results supported the association between more patient time preferences and an increased likelihood of meeting physical activity guidelines. When examining these associations while adjusting for covariates in multivariable logistic regression, two independent variables remained statistically significant: being future oriented, and having a checking/saving account (Table 2) . Specifically, a one-unit increase towards becoming more future oriented (e.g. from 'occasionally' to 'often' future oriented) was related to a 1.3 times higher likelihood of meeting physical activity guidelines (OR=1.29; 95%
CI=1.04-1.58). Similarly having a checking/saving account (versus not having an account) was associated with a 2.1 times higher likelihood of meeting physical activity guidelines (OR=2.07; 95% CI=1.19-3.57). (Table 3) . For example, when planning family finances, transitioning to a higher category (versus not changing categories) was associated with an average increase of 276.3 MET minutes per week (95% CI=12.88-539.67) for leisure-time physical activity. None of the relationships between the independent variables and the other domains of physical activity were statistically significant (Table 3 ).
Discussion
The current study aimed to explore the relationship between monetary savings and future orientation (as proxies of time preferences) and engaging in health-promoting physical activity.
Our findings indicate that individuals who have more patient time preferences, that is, who are willing to 'pay immediate costs' (e.g. loss of time) in return for future, often uncertain, benefits (e.g. improved long-term health), 9 are more likely to engage in health-promoting physical activity. Specifically, we observed that those who indicated that they were future oriented were 29% more likely to meet physical activity guidelines. Individuals with checking/saving accounts were more than twice as likely to meet guidelines, controlling for income and other potential confounders. In addition, having a longer time horizon with regards to planning family finances, as well as saving money on a monthly basis, were significantly associated with higher leisure time physical activity levels, yet not with meeting guidelines. Previous research has found time preferences to be related to a number of modifiable health behaviors (e.g. smoking, diet), yet scant research has examined its association with physical activity. 11, 13 In an earlier study, focusing on a smaller sample, 12 we found time preferences to be related to the intention to be physically active (via the stages of change model). In contrast, Adams and Nettle (2009), examining data collected from a web-based survey of urban locations in the US, did not find an association between time preferences and physical activity.
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Our significant findings with regards to leisure-time physical activity (but not other domains, such as transportation), suggest that time preferences are primarily associated with the explicit choice to engage in physical activity. 23 The motivation to engage in leisure-time physical activity differs from motivations for work-related and transportation physical activity. 24 Among this very low-income population, access to a private motor vehicle is often limited, 25 hence transportation physical activity might often be undertaken not because the individual is choosing physical activity to promote health, but because there is no alternative means of transportation. Likewise, as employment opportunities are limited, occupational physical activity is likely chosen because such jobs are more readily available, rather than the desire to be physically active to achieve the health benefits associated with an active lifestyle. The fact that the relation between time preferences and physical activity is most robust for leisure-time physical activity, which is also the domain in which decisions are based most fully on an explicit intent to be physically active, is in line with the extant literature of theories for investment in health promoting activities.
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While our analysis was only able to assess the cross-sectional relations between time preferences and physical activity, a causal relationship has theoretical support. [26] [27] [28] [29] In fact, Zimmerman (2007) suggest enabling health behaviors to be less costly (i.e. more convenient), and for incentives (or rewards) to be immediate to facilitate health behavior change. 8, 9 For example, Volpp (2008) found a weight loss intervention guided by behavioral economics (including immediate financial 'consequences' and participant feedback) to be efficacious in short-term weight loss. 31 For the case of physical activity, providing regular physical activity breaks during the work day coupled with immediate and tangible incentives from the employer and/or insurer might be a feasible avenue to improve health and productivity, particularly for individuals with less patient time preferences. 9, 12 Further, clinicians and public health professionals may seek to design innovative interventions that allow for tailoring based on individual time preferences. In the public health realm, it is acceptable practice to place individuals on a continuum from precontemplation to maintenance of health behaviors (i.e. stages of change) to tailor appropriate interventions, such as to provide knowledge of the health benefits of physical activity for precontemplators. 32 It is likewise feasible to 'screen' individuals for time preferences. 12 Thus intervention tailoring could then proceed through use of tools such as pre-commitment contracts, supplementing current health approaches for behavior modification. 33 Pre-commintment contracts, voluntary self-imposed constraints on future choices, have been applied to weight loss interventions to increase their likelihood of success. 33, 34 For example, a sum of money is deposited prior to the initiation of a weight loss program and is lost if not achieving a-priori goals, with the underlying aim of making individuals more cognizant of future risks at present time. 33, 35 This approach has been found to be efficacious in some clinical trials of weight loss, however their effectiveness warrants further examination. 31, 33 Furthermore the feasibility and effectiveness of precommitment contracts should be tailored and examined further in low-income urban communities. Additionally, decreasing the costs (both monetary and time-related) associated with physical activity in urban communities by providing safe and accessible exercise facilities and parks conducive to exercise is paramount alongside increasing present-day awareness to the risks associated with physical inactivity. 36 In addition, one hurdle in advancing the understanding of the relationship between time preferences and physical activity is definition of an easily applied measure of time preferences.
The gold standard for measuring time preferences is economic experiments. 12, 37 However, this method is often prohibitively costly to implement in many study settings. In the current study,
we analyzed a variety of survey measures that have been used by other researchers as proxies for time preferences, since these types of measures are more feasible for researchers to consider adding to existing data collection protocols. 38, 39 These measures, based on self-report of psychological tendencies and self-report of financial behaviors, provide consistent estimates of a statistically significant relationship with physical activity, despite not using the gold standard of economic experiments.
Study results should be interpreted while taking into account several limitations. First, the study design is cross-sectional, therefore cause-effect between time preferences and physical activity cannot be established; this should be examined utilizing prospective designs to determine a temporal relationship. Second, though the study sample is larger than our previous study, 12 it is relatively small and focuses on a very low-income ethnic minority population within a specific geographic location. Although caution should be taken when generalizing findings, results are likely to be applicable to other communities with similar socio-economic traits. Finally, physical activity was measured using a self-report survey measure which may be subject to recall bias, resulting in over-or under-reporting. 18, 40 The high prevalence (71%) of participants meeting physical activity guidelines in this sample is consistent with findings in the previous wave of this study (69%), 17 yet higher than in the state of Texas overall (63.7%). 41 Future research on this topic should measure physical activity using both self-report survey instruments and activity monitors (e.g. accelerometers) to provide a more comprehensive assessment of physical activity. 42 Nonetheless, these study findings are novel and establish a relation between participants' time preferences and physical activity. Specifically, we find more patient time preferences to be related to an increased likelihood of engaging in leisure-time physical activity among a lowincome underserved population of adults. These findings are of particular importance due to the higher propensity of this population to experience chronic diseases, yet the potential inability to treat disease onset due to limited resources. Hence promoting a physically active lifestyle among this population is of paramount importance. Utilizing insights from behavioral economics, with a specific focus on time preferences, may have the potential to modify physical activity patterns and subsequently impact morbidity and mortality outcomes. 11, 31, 33 Future research should incorporate time preference measures into longitudinal studies and prospectively explore the efficacy of various schemes (e.g. timing of incentives, pre-commitment contracts) on physical activity promotion to determine a cause-effect relationship. a Some categories do no total 420 due to missing data; percentages are rounded b Metabolic equivalent (MET) minutes per week were derived from responses to a survey, assessing the frequency, duration and intensity of physical activity. Total physical activity and domain specific physical activity (leisure, work-related, and transportation) were determined from the survey. Meeting physical activity guidelines (no/yes) was based on the 2008 Health and Human Service Guidelines for health promoting physical activity (i.e. ≥500 MET minutes per week).
c Future orientation was determined based on a survey question gauging the degree to which individuals are future oriented (rarely/never, occasionally, often, and almost always). Participants were also asked to indicate whether they have a checking/saving account and to specify the dollar amount they save each month. While having a checking/saving account was regarded as dichotomous (no/yes), monthly savings ($) was grouped into 4 categories: $0, $1 to <$49.9, $50 to <$99.9, and ≥$100. The time period considered when planning family finances consisted of: next few months, next year, next few years, 5 to 10 years, and ≥10 years. c Future orientation was determined based on a survey question gauging the degree to which individuals are future oriented (rarely/never, occasionally, often, and almost always). Participants were also asked to indicate whether they have a checking/saving account and to specify the dollar amount they save each month. While having a checking/saving account was regarded as dichotomous (no/yes), monthly savings ($) was grouped into 4 categories: $0, $1 to <$49.9, $50 to <$99.9, and ≥$100. The time period considered when planning family finances consisted of: next few months, next year, next few years, 5 to 10 years, and ≥10 years. b Physical Activity: Metabolic equivalent (MET) minutes per week were derived from participants' responses to a survey, assessing the frequency, duration and intensity of physical activity. Total physical activity and domain specific physical activity (leisure, work-related, and transportation) were determined from the survey as well.
c Future orientation was determined based on a survey question gauging the degree to which individuals are future oriented (rarely/never, occasionally, often, and almost always). Participants were also asked to indicate whether they have a checking/saving account and to specify the dollar amount they save each month. While having a checking/saving account was regarded as dichotomous (no/yes), monthly savings ($) was grouped into 4 categories: $0, $1 to <$49.9, $50 to <$99.9, and ≥$100. The time period considered when planning family finances consisted of: next few months, next year, next few years, 5 to 10 years, and ≥10 years.
